We present the results of our investigation, using a Chandra X-ray observation, into the stellar population of the massive star formation region G5.89-0.39, and its potential connection to the coincident TeV gamma-ray source HESSJ1800-240B. G5.89-0.39 comprises two separate HII regions G5.89-0.39A and G5.89-0.39B (an ultra-compact HII region). We identified 159 individual X-ray point sources in our observation using the source detection algorithm wavdetect. 35 X-ray sources are associated with the HII complex G5.89-0.39. The 35 X-ray sources represent an average unabsorbed luminosity (0.3-10 keV) of ∼ 10 30.5 erg/s, typical of B7-B5 type stars. The potential ionising source of G5.89-0.39B known as Feldt's star is possibly identified in our observation with an unabsorbed X-ray luminosity suggestive of a B7-B5 star. The stacked energy spectra of these sources is well-fitted with a single thermal plasma APEC model with kT∼5 keV, and column density N H = 2.6 × 10 22 cm −2 (A V ∼ 10). The residual (source-subtracted) X-ray emission towards G5.89-0.39A and B is about 30% and 25% larger than their respective stacked source luminosities. Assuming this residual emission is from unresolved stellar sources, the total B-type-equivalent stellar content in G5.89-0.39A and B would be 75 stars, consistent with an earlier estimate of the total stellar mass of hot stars in G5.89-0.39. We have also looked at the variability of the 35 X-ray sources in G5.89-0.39. Ten of these sources are flagged as being variable. Further studies are needed to determine the exact causes of the variability, however the variability could point towards pre-main sequence stars. Such a stellar population could provide sufficient kinetic energy to account for a part of the GeV to TeV gamma-ray emission in the source HESSJ1800-240B. However, future arc-minute angular resolution gamma-ray imaging will be needed to disentangle the potential gamma-ray components powered by G5.89-0.39 from those powered by the W28 SNR.
Introduction
The massive star formation region (SFR) and HII complex G5.89-0.39 is one of the best examples of a growing subset of galactic TeV (10 12 eV) gammaray sources coincident with the molecular gas associated with SFRs (e.g. Aharonian et al., 2007; Chaves et al., 2008; Ohm et al., 2010; Eger et al., 2011; Aleksić et al., 2014a,b) . G5.89-0.39 is comprised of two star forming regions and is located ∼ 1
• south of the mature (> 10 4 yr old) mixedmorphology supernova remnant (SNR) W28.
The TeV gamma-ray emission, peaking in the vicinity of the densest molecular gas of G5.89-0.39, indicates the presence of non-thermal multiTeV protons (i.e. cosmic-rays) and/or electrons. The close spatial match between the GeV to TeV gamma-ray emission and the molecular gas of G5.89-0.39 plus the continuous spectrum from 100 MeV to about 10 TeV (Aharonian et al., 2008; Nolan et al., 2012; Hanabata et al., 2014) implies a cosmic-ray origin for the gamma-rays. The favoured scenario is that cosmic-rays accelerated and confined within the W28 SNR bubble eventually escape to collide with the surrounding gas. The GeV to TeV gamma-ray spectral shapes observed in HESSJ1800-240B and adjacent TeV sources such as HESSJ1800-240A and HESSJ1801-233 seem to fit well with the energy dependent diffusion of the particles to the gas clouds (e.g. Gabici et al., 2010; Fujita et al., 2009; Li & Chen, 2010; Nava & Gabici, 2013 ) from W28.
SFRs themselves have also been suggested as sites of particle acceleration. The shocks generated by proto-stellar jets interacting with the interstellar medium (ISM), the winds of massive stars, wind-wind collisions in binary systems, and the collective effects of winds in clusters have long-been put forward as potential ways to accelerate particles from GeV to multi-TeV energies (see e.g. Voelk & Forman, 1982; Cesarsky & Montmerle, 1983; Eichler & Usov, 1993; Domingo-Santamaría & Torres, 2006; Bednarek, 2007; Reimer et al., 2007; Araudo et al., 2007; Bosch-Ramon et al., 2010; Araudo & del Valle, 2014) . Some of these ideas have been motivated by the non-thermal radio emission (tracing GeV electrons) associated with the protostellar/ISM interaction region in several systems, but also by the obvious fact that massive stars provide a significant amount of stellar wind kinetic energy.
Prior X-ray studies have revealed high plasma temperatures and/or high energy particle acceleration confirming the role of stellar winds and outflows as significant sources of energy. Townsley et al. (2003) and Oskinova et al. (2010) summarise a number of massive SFRs exhibiting diffuse X-ray emission. Anderson et al. (2011) attributed hard thermal X-ray emission to the collision of stellar winds in binary stars or star clusters. In such cases the shocks created by the colliding stellar winds can heat thermal plasma leading to high temperatures (e.g. Ozernoy et al., 1997; Cantó et al., 2000) . The soft diffuse X-ray emission observed from the HII regions W49A G X (Tsujimoto et al., 2006) , M17 and the Rosette Nebula (Townsley et al., 2003) have been interpreted using the so-called wind blown bubble model (Townsley et al., 2003; Chu et al., 2003; Wrigge et al., 2005) . For M17 and the Rosette Nebula, their soft diffuse luminosities, which are driven by several O-type stars are between 10 to 50% of their total point source X-ray luminosities (Townsley et al., 2003) . Wind-blown bubbles form due to strong stellar winds from massive stars colliding with the surrounding ionised gas in the HII region (Capriotti & Kozminski, 2001) , which then subsequently create a shock front. Pravdo et al. (2009) summarise a number of protostellar outflows exhibiting thermal X-ray emission. Evidence for non-thermal X-ray emission has so far been seen in three massive stellar clusters (Muno et al., 2006; Oskinova et al., 2010; Krivonos et al., 2013) and in a protostellar/jet ISM interaction region (López-Santiago et al., 2013) .
G5.89-0.39 harbours two distinct HII regions, G5.89-0.39A and B, with the B component known to be an ultra-compact HII region. Distance estimates for G5.89-0.39, from studies on the ionising source of G5.89-0.39B, Feldt's star (Feldt et al., 2003, Section 3.4 Motogi et al. (2011) and Sato et al. (2014) , respectively).
The source of ionisation in G5.89-0.39B is believed to be a single star -Feldt's star (Feldt et al., 2003) , although a multiple stellar system has been discussed. Feldt's star has a temperature ∼ 40, 000K and mass > 200M , indicating a possible O5 or earlier spectral type (Feldt et al., 2003; Puga et al., 2006) . G5.89-0.39 has been intensely studied, with much of the focus on the energetic outflows associated with G5.89-0.39B (e.g. Harvey & Forveille, 1988; Churchwell et al., 1990; Acord et al., 1997; Kim & Koo, 2003; Sollins et al., 2004) . The outflows plus the suspected clusters of massive stars in the vicinity may provide an additional high energy particle component to that of the nearby W28 SNR in generating the gamma-ray emission of this region (discussed in section 4).
To ascertain this possibility, it is essential to understand the stellar content of G5.89-0.39. As is typical for HII regions, dense molecular gas can hamper a detailed census of the stellar content via radio, infrared and optical observations. We have therefore turned to X-ray observations at arcsecond resolution with the Chandra Observatory to carry out this task.
Figure 1 (top panel) presents the VLA 90cm (Brogan et al., 2006) image with contour overlays from the Mopra radio telescope of NH 3 (1, 1) (Nicholas et al., 2011) and H.E.S.S TeV gamma-ray (Aharonian et al., 2008) observations of the W28 region including G5.89-0.39. The bright radio shell of W28 is clearly seen in the VLA 90cm observation. The Mopra NH 3 (1, 1) observations reveal the location of dense (> 10 4 m −3 ) molecular gas, only the strongest NH 3 (1, 1) contours are shown in shows the Mopra CS(1-0) dense gas tracer and the CH 3 OH-I maser emission tracing ongoing star formation in the field of view of our Chandra observation (from Nicholas et al., 2012) for comparison with Figure 1 . Earlier studies (Aharonian et al., 2008) showed that all of the TeV gamma-ray sources are spatially coincident with CO(1-0) emission, tracing the moderately dense (10 1−2 m −3 ) diffuse molecular gas. One of the two brightest such gamma-ray sources, HESSJ1800-240B, clearly overlaps G5.89-0.39. Despite the proximity of G5.89-0.39 to W28, 14 pc (∼ 0.4 • ) south of the edge of W28, the W28 shock is not suspected to be influencing G5.89-0.39 as revealed by the molecular gas dynamics studies of Nicholas et al. (2011 Nicholas et al. ( , 2012 . The other bright source to the north east, HESSJ1801-233, is associated with the shocked molecular cloud region of W28 whilst HESSJ1800-240A to the west encompasses two other HII regions G6.1-0.6 and 6.225-0.569 which are also likely associated with same molecular cloud complex harbouring G5.89-0.39 (Nicholas et al., 2011) .
The bottom panel of Figure 1 presents an image of the Spitzer GLIMPSE 8µm (red) and 3.6µm (green) observations towards G5.89-0.39. The FoV of our Chandra observations are indicated by the dashed white boxes and labelled according to their Chandra ACIS-I CCD ID numbers. Based on the 8µm observations, we have estimated the diameters of G5.89-0.39A and B at 75 and 45 respectively to delineate their approximate infrared boundaries. The 3.6µm observation shows the stellar content of G5.89-0.39 is highlighted in yellow.
We describe our Chandra observations and analysis in §2. The X-ray source detection and spectral analysis is discussed in §3. §4 discusses our search for unresolved point sources. §5 looks at the inferred energetics of G5.89-0.39 and possible connections to HESSJ1800-240B. The overall conclusions are given in §6.
2. X-Ray Observations, Data Reduction, & Source Detection
Chandra Observation
Our Chandra X-ray Observatory (Weisskopf, 2002) observation (Obs ID 10997; July 20-21, 2010 of ∼ 78.8ks duration) employed the ACIS instrument (Garmire et al., 2003) I-array CCDs in Timed Exposure Faint telemetry mode. The bore-sight of our observation was positioned so that the four CCDs arranged in a square (CCD IDs 0, 1, 2, & 3) adequately covered the HII complex G5.89-0.39. The 2 CCDs in the S array (CCD IDs 6, & 7) were also included. Over 200 X-ray sources across the FoV were identified in a preliminary analysis of our observation with some sources clearly clustering around G5.89-0.39 (Rowell et al., 2010) .
Data Reduction
The Chandra observation of G5.89-0.39 was reduced using the data reduction tools in CIAOv4.4 (Fruscione et al., 2006) . We have followed the recommended data reduction processes, starting with the pre-analysis step repro. Repro corrects for dithering in order to retain the sub pixel resolution of a Chandra observation and creates an event=2 fits file for analysis.
We employed the use of four energy bands for our study; a full energy band of 0.3-10 keV, and three narrow bands of 0.3-2.5 keV (soft), 2.5-5 keV (medium), and 5-10 keV (hard). The narrow bands were chosen to separate X-ray emission heavily absorbed by photoelectric absorption (the hard band) due to the expected high column density of HII regions, and provide an unbiased census of soft and hard sources in the FoV. A more restricted energy band of 0.1-2 keV is also processed for comparisons with ROSAT flux and luminosities of X-ray sources.
Each energy band image was processed individually to eliminate flares using the deflare command in CIAOv4.4. This process uses a clipping where any events outside of 3σ are taken out of the observation. Following this step, the images represent: 78.2 ks, 78.2 ks, 78.8 ks, and 78.2 ks, for the full, hard, medium and soft bands respectively. We have also used deflare on the original event=2 image ahead of our spectral analysis discussed in §3.2. For each energy band image a PSF (point spread function) map and an exposure map were created for source detection and spectral analysis.
X-ray Source Detection
We employed wavdetect, a source detection algorithm, to identify possible X-ray sources in our Chandra observation. wavdetect is ideal for detecting closely-spaced point sources and small-scale extended diffuse emission. Preliminary analysis with source detection algorithms within CIAOv4.4 determined that wavdetect was able to identify a third more X-ray sources in the closely packed Figure 1 : Top -90cm VLA Radio observation of W28 (red), Mopra NH 3 (1, 1) dense gas observation (velocity integrated between 20-50 km/s -yellow contours), H.E.S.S > 0.4 TeV (white contours) with TeV sources labelled. Green dashed lines indicate the field of view (FoV) of the Chandra ACIS-I CCDs, labelled by ID number. The HII complex G5.89-0.39 towards HESSJ1800-240B, is positioned in CCD 2 with the conventional HII region, G5.89-0.39A, and the UC HII region, G5.89-0.39B, shown by the white arrows. Bottom -Zoom-in of the Spitzer 8µm emission showing the ionised gas surrounding G5.89-0.39. The stellar content is highlighted by the 3.6µm (green) emission in the HII complex as yellow points. White dashed lines indicate the FoV of the Chandra ACIS-I CCDs. Also indicated are locations of the additional HII regions 6.225-0.569 and G6.1-0.6 towards HESSJ1800-240A. 4
HII complex over the other often-used algorithm, celldetect.
Values are extracted in two steps by wavdetect for possible X-ray sources:
1. The algorithm detects probable source pixels within the image and correlates them with a Mexican hat wavelet of different scale sizes, 1, 2, 4, 8, and 16 pixels. The detection significance value was set to 4.7 σ above background fluctuations, which is equivalent to a 10 −6 chance probability.
2. A Table of information listing each source and the information extracted for each source, such as position, net photon counts, net photon count rate, significance, and PSF ratio (intrinsic radius of the source in PSF units) is generated.
Source detections were performed on all four of our energy bands resulting in 268 individual source detections made by wavdetect. Running the source detection on each energy band individually allowed for comparisons between them to identify the same source in multiple bands. We then compiled the source detections from each energy band to make a single master list of sources with the appropriate values from each energy band where a source is identified in multiple energy bands. We employed a spatial error of 1" to 2", depending on local PSF, for the position of a source when compiling the master list.
Our analysis is based on the assumption that an X-ray point source is more likely to be stellar in origin if the spectral emission is across multiple energy bands. For this reason our first condition for a source to enter our final list is that it must be detected in at least two of our four energy bands. The second condition looks at the net photon counts and requires that a source must have at least 10 net photon counts in one of the energy bands it is detected in. This net photon count cut is on top of the 4.7σ threshold placed on the source detection algorithm and is to remove the weakest of sources from our final list. The final condition we employ is to remove sources that are too close to the edge (< 5 pixels) of the CCDs or near any discrepancies in the observation. A discrepancy is particularly prominent in CCD 2 where several rows of pixels are less sensitive than the rows around them.
A total of 159 X-ray sources are in our final list. 158 out of the 159 X-ray sources are detected in the full energy band. Source labelled #159 was identified in the soft and medium energy band images only. Overall, ∼ 70% of sources are identified in the soft energy band, ∼ 58% of sources are identified in the medium energy band, and ∼ 15% of sources are identified in the hard energy band. The complete catalogue of 159 sources is listed in Appendix E and Figure 2 shows a composite image of the three narrow energy band images with the 159 sources indicated by white circles/ellipses. A number of sources were found towards G5.89-0.39 and the changing sizes of the source regions highlight the varying PSF across the FoV. Our choice of the size of the radius of each HII region is discussed in §3.1.
Our study of stellar sources also requires that our sources are point-like. To characterise the intrinsic spatial extent of the 159 sources, we considered the distribution of the parameter PSFRATIO produced by wavdetect 1 . Figure 3 shows the bulk of the PSFRATIO values are between 0.5 and 1.2 suggesting the sources can be as considered pointlike. Source #138, with the highest PSFRATIO of 1.44, is located in CCD 0 outside the boundaries of G5.89-0.39A and B and has a single infrared counterpart (see Table. B.7), hence we consider it also point-like.
We have used the 2MASS point source cata- Figure 2 : Chandra ACIS-I photon events (counts/pixel/cm 2 /s) in our three energy bands, soft (0.3-2.5 keV) in red, medium (2.5-5 keV) in green and hard (5-10 keV) in blue. White circles indicate some of the 159 identified X-ray sources. Dashed green circles indicate the two HII regions G5.89-0.39A and B. The top panel shows the entire FoV of our observation. The bottom panel shows a zoom in on the HII complex G5.89-0.39. The numbered sources are the brightest of the sources detected in our observation. The yellow line indicates the possible molecular outflow from Feldt's star (Feldt et al., 2003) , which we believe is source #10 (see §3.4). 6 logue and SIMBAD database to identify any possible counterparts in other wavelengths of our 159 X-ray sources. Using a search radius of 1 * PSF for each source we have identified 100 possible counterparts for 90 of our X-ray sources, Tables B.7 and B.8. Source #10 in our X-ray observation is a possible X-ray counterpart to Feldt's star (Feldt et al., 2003) which is discussed in more detail in §3.4. Source #62 overlaps the sub-millimeter continuum and line emission ring imaged by Hunter et al. (2008) that is possibly blown out by Feldt's star. The uncertainty of the matches is considered in two distinct groupings of sources; The 35 sources associated with G5.89-0.39, which this work concentrates on, and the entire source catalogue of 159 sources. Following the method of White et al. (1991) we have calculated the by-chance coincidences with the 2MASS catalogue by shifting the right ascension (RA) of all identified X-ray sources in our observation by ±10 and ±20 , to test a range of shifts, and searching each time in the 2MASS catalogue for matches to these shifted set of X-ray sources with the same spatial distribution of our X-ray sources. Table 1 presents the results of searching for shifted-source matches using 1*PSF and 2*PSF search radii. We found an 11% false-match rate for sources in G5.89-0.39 and 34% false-match rate for the entire FoV with our 1*PSF search radius.
3. The Stellar Population of G5.89-0.39 3.1. X-ray sources towards G5.89-0.39 Table 3 lists the X-ray sources detected from the two distinct HII regions within G5.89-0.39. Each source is associated with a HII region if its position is within the boundaries of one of the regions based on the Spitzer 8µm emission, see Table 2 . We have calculated the observed and unabsorbed (see §3.3) luminosities, using a distance of 2 kpc, for each source in the 0.3-10 keV energy band as well as listing the 0.1-2 keV luminosities for comparison with ROSAT derived luminosities. The observed X-ray luminosity, photon flux, and energy flux between 0.3 and 10 keV for each source was calculated via the CIAO task eff2evt. The energy flux was generated by summing over the event by event energy flux within each source and then converted to a luminosity assuming a distance of 2 kpc. This removed the need to assume a model spectrum and thus associated biases attached to such models. Table 3 also lists the source number and RA/Dec position for each source in G5.89-0.39.
For each source we determined its likelihood of being variable in the X-ray flux. This was to determine if we have any flaring pre-main sequence (PMS) stars. To do this we used the CIAO command glvary 2 using a Gregory-Loredi variability algorithm to determine if there is a time variability in the sources of G5.89-0.39. Of the 35 X-ray sources identified within G5.89-0.39 10 sources are considered to be variable. The three sources #13, #15, and #49 have less than 15 net counts in our X-ray energy band across the whole observation so their variability is not certain. The sources #43, #44, #57, and #73 have between 25 and 30 net counts in our X-ray energy band over the entire observation. The three sources #8, #56, and #68 have the highest net counts, ∼ 80, ∼ 45, ∼ 39 respectively. The light curves of these brightest sources show strong spikes of variable flux over the time of the observation. The seven sources with more than 15 net counts show a variable flux with time indicative of a PMS source. The remaining three are two few counts to investigate their variability. Of the three sources we were unable to test, only source #15 has a counterpart in the 2MASS catalogue. Of the seven possible PMS stars two, sources #8 and #73, have 2MASS counterparts (see Table B .7 for counterpart IDs).
An analysis of all the X-ray sources identified in our Chandra observation found 17% of all 159 sources were variable (variability index > 6). For the HII complex G5.89-0.39 29% of sources are variable. This shows that the sources in G5.89-0.39 are above the average in number of variable sources.
3.2. Spectral Analysis of X-ray Sources in G5. 89-0.39 Since most sources by themselves did not meet the minimum 10 counts per 10 energy bins for spectral analysis, we stacked all X-ray sources within G5.89-0.39 together to perform a co-stacked global spectral analysis.
Three different spectral models were fit to the stacked source spectra using the program XSPEC (Arnaud, 1996) . The spectra were extracted from the original event=2 image containing all photon # X-ray sources # matched sources search radii -20 ,-10 ,10 ,20 by-chance % G5.89-0. Table 2 : Positions and numbers of X-ray sources associated with the two HII regions and the boundary radius of each HII region (based on Spitzer 8µm emission) given as the radius in pc units assuming a distance of 2 kpc.
events after using the CIAO command deflare. Since our observations were well within the influence of the diffuse Galactic Diffuse X-ray Emission (GDXE) (Sawada & Koyama, 2012) , we did not employ the Chandra blank-sky (taken on extragalactic fields) files but instead chose local background regions in each of the ACIS-I CCDs for our spectral analysis.
An APEC thermal plasma model, non-thermal power-law model, and a thermal Bremsstrahlung model were all fit in turn with a photo-electric absorption model to the stacked spectra of sources. The photo-electric model is included to model the line-of-sight hydrogen column density, N H (cm −2 ), towards the two HII regions. Table 4 presents the results of fitting the three models in terms of the fit parameters associated with each model and the model fit statistics, χ 2 /degrees of freedom.
Adequate fits to the stacked spectra were achieved by all three models as show by the χ 2 /dof probabilities (∼ 10 −1 ) listed in Table 4 . The model parameters listed in Table 4 can also be used to determine which model best represents our stacked spectra. Previous studies of G5.89-0.39 and other galactic SFRs provide some guidance concerning the parameters thermal temperature, abundance of metals, and hydrogen column density for our spectral analysis. The values from previous studies are summarised in Table 5 .
We note that the line-of-sight column densities obtained for G5.89-0.39 in previous studies are inconsistent with each other due to the beam sizes of each survey of the area. However, studies on scales less than an arc-minute also obtained column densities over 10 times higher (∼ 10 23 cm −2 ) than those calculated by Nicholas et al. (2012) (Hunter et al., 2008) .
Stacking the spectra from both HII regions in G5.89-0.39 has complicated the comparison to previous studies. The parameters from our model fits to the stacked sources (Table 4) are consistent with the range of values obtained by previous studies (Table 5 ) encompassing a variety of HII regions and massive stellar clusters.
We also found a marginally significant, ∼ 2σ, peak in the X-ray emission at 6.7 keV. The 6.7 keV peak is at the position of the Fe Kα line and was revealed by the APEC model in our stacked spectra. This line is of particular interest in situations of high energy kinematics as it has been related to massive stars (e.g. Anderson et al., 2011) , HII regions (e.g. Takagi et al., 2002) , and supernovae and SNRs (e.g. Helder et al., 2012 ). An earlier claim for Fe Kα emission from W28 (Rho & Borkowski, 2002) , a probable nearby source of this line, has since been attributed to the GDXE (Galactic Diffuse X-Ray Emission) (Sawada & Koyama, 2012; Zhou et al., 2014) . Given the established presence of the Kα iron in the GDXE which is in the raw background spectra of our observation, the 6.7 keV Table 3 : Un-absorbed luminosities for the X-ray sources associated with G5.89-0.39 assuming a distance of 2 kpc. A -Sources identified in G5.89-0.39A. B -Sources identified in G5.89-0.39B. † -X-ray luminosities: R = ROSAT energy band (0.1-2 keV) f = full band (0.3-10.0 keV). Average error in the luminosity is ∼ 25% based on the net photon counts for each source as reported by wavdetect. ‡ -X-ray source variability. A variability index of 0-2 is not variable, index of 3-5 is possibly variable and a variability index > 6 is indicative of a variable source. Table 4 : Spectral models for X-ray sources of the HII Complex G5.89-0.39A and B fit in the 1-10 keV band. † -normalisation for APEC model is equivalent to 10
Figure 5 peak we detected is likely to come from the GDXE. Figure C .8 shows the background emission from regions indicated in Figure D .9 as the red points. The background emission shows a peak around 6.7 keV suggesting the emission to be from the GDXE and not a localised source within the HII complex.
3.3. Un-absorbed Luminosities of G5.89-0.39 X-ray Sources We calculated the unabsorbed luminosity of each source in G5.89-0.39 assuming a thermal APEC model.
Although the APEC, power-law, and bremsstrahlung models were all equally well fit, given the point-like nature of the X-ray sources, we assumed them to arise from thermal stellar processes and so used the APEC model in subsequent calculations. We made the conversions from photon events to energy flux using the CIAO command eff2evt and then used PIMMS with the optimised parameters of the APEC model fit to calculate the unabsorbed energy flux for each source.
Using a distance of 2 kpc we calculated the unabsorbed luminosities of each X-ray source in G5.89-0.39 in our full energy band and the ROSAT energy band. We include the luminosities converted to the ROSAT energy band of 0.1-2 keV for comparison with Berghoefer et al. (1997) . We also calculated the systematic errors in both energy bands using the extreme combinations of the fit APEC temperature and abundance values. The statistical errors propagated from the net counts of each source are twice that of the systematic errors, and are therefore the errors quoted in Table 3 . Figure 6 presents the 0.1-2 keV (grey) and 0.3-10 keV (red) luminosity distributions for G5.89-0.39.
The mean unabsorbed luminosity (0.3-10 keV) of the X-ray sources in G5.89-0.39A is 2.8 ± 0.6 × 10 31 erg s −1 and G5.89-0.39B is 7.8 ± 1.8 × 10 30 erg s −1 . We note the wavelet detection threshold of 4.7σ corresponds to an unabsorbed luminosity (0.3-10 keV) of 1.2 × 10 30 erg s −1 , red line in Figure 6 . Due to the difference in the two HII regions comprising G5.89-0.39 we expect to see the observed difference in mean luminosity. G5.89-0.39A shows a higher luminosity distribution than G5.89-0.39B, most likely due to the age difference between the two regions. G5.89-0.39A is an older, more evolved SFR with a probable greater fraction of its molecular mass converted to stars. Whereas G5.89-0.39B is a younger SFR with probably more molecular gas compared to the number of stars. A comparison of our source luminosities (calculated for the ROSAT energy band) to a study by Berghoefer et al. (1997) shows that our sources are consistent with B-Type stars, specifically B5-B0 spectral types, giving new insight into the stellar makeup of G5.89-0.39. Most sources appear to be consistently B-Type however, three sources have luminosities consistent with late O-type stars. These three sources, #8, #58 and #65 all within G5.89-0.39A and labelled in Figure 2 (bottom panel), are the most energetic sources we have identified in G5.89-0.39. We have found possible counterparts for #8 and #58 from the 2MASS point source catalogue but no counterpart for source #65 was found.
Feldt's Star
We identified a possible counterpart to the suspected ionising source of G5.89-0.39B know as Feldt's star (Feldt et al., 2003) . Previous studies of Feldt's star have been able to determine its spectral type through bolometric luminosities as derived from the spectral energy distribution (Faison et al., 1998) or via the Lyman continuum photon budget (Wood & Churchwell, 1989; Kim & Koo, 2003) . Each of the estimates of the spectral type are consistent, suggesting a spectral type O6. However, each of these estimates assumed that the source is in the centre of a spherical HII region and at a distance of d = 2.6 kpc, greater than the 2 kpc we are using for our Chandra study. The distance difference is enough to convert the O6 type star calculated by Faison et al. (1998) ; Wood & Churchwell (1989) ; Kim & Koo (2003) to a B5-type star, consistent with Feldt et al. (2003) . Ball et al. (1992) were the first to conclude that the ionising source must be off-centre based on their mid-infrared imaging, although the source itself had not yet been detected. Feldt et al. (2003) was able to observe the ionising source using the Very Large Telescope (VLT) deriving a new distance of d = 1.9 kpc, consistent with the distance we have adopted, which is based on studies of W28 and the surrounding molecular gas (Aharonian et al., 2008) . Hunter et al. (2008) revealed a ring-like structure in sub-millimetre continuum and spectral bands confirming Feldt's star position was off-centre.
Feldt's star is still the most likely source of ionisation in G5.89-0.39 despite the presence of molecular outflows possibly from an undetected protostar. One of the molecular outflows, extending out about 5 arc-seconds in each direction, is indicated in Figure 2 Our X-ray source #10, which is coincident with the position of Feldt's star, has an estimated spectral type of B7-B5, based on its 0.1-2 keV luminosity comparison with Berghoefer et al. (1997) . The derived unabsorbed luminosity (0.1-2 keV) is L = 5.74 ± 1.49 × 10 29 erg s −1 .
Unresolved Sources in G5.89-0.39
After subtracting the stacked sources associated with both HII regions in G5.89-0.39, we found that some residual counts remained within the HII boundaries using nearby regions for local background estimates (see Table 6 and Figure D .9 indicating the background regions).
Unresolved point sources is a possible scenario for this residual X-ray emission. A spectral calculation of the luminosity of the residual X-ray emission was not possible due to the high background to residual counts ratio (see Table 6 ). Nevertheless a simplistic estimate of the residual X-ray luminosity was made by scaling the stacked source spectra luminosities by the ratios of the background net counts to the The residual unabsorbed luminosity of G5.89-0.39A, at 2 kpc, is 3.6 × 10 31 erg/s and 9.6 × 10 30 erg/s for G5.89-0.39B. The unabsorbed luminosities have assumed the same APEC model as used for the individual detected source luminosities. For G5.89-0.39A we extracted the energy flux with eff2evt and then converted to an unabsorbed energy flux (for a distance of 2 kpc) to obtain the residual unabsorbed X-ray emission.
There is a possible total of 75 B-Type stellar sources in G5.89-0.39, taking into account the residual emission. Higher column densities towards the centres of each HII component in G5.89-0.39 may have caused our number to be underestimates. Overall, our estimates are broadly consistent with the estimate by Kim & Koo (2003) of the total stellar mass of high mass stars at about 700 M within G5.89-0.39 based on Lyman continuum brightness measurements.
G5.89-0.39 is towards the lower mass end of HII regions previously studied in the X-ray. The previous studies have focused on much larger systems with established clusters of B and O stars which generally have multiple HII components (e.g. Blum et al., 1999; Moffat et al., 2002; Knödlseder, 2003; Tsujimoto et al., 2006; Broos et al., 2007; Kuhn et al., 2013) . The comprehensive catalogue of Townsley et al. (2014) for example summarised the X-ray sources from 11 massive SFRs and 30 Doradus. Most of these SFRs have >1000 X-ray sources each of luminosity > 10 30 erg/s. In terms of X-ray source numbers so far revealed, the grouping of UC HII regions in W49A (Tsujimoto et al., 2006) and the embedded young stellar clus-ter GGD 27 (Pravdo et al., 2009) appear not too dissimilar to G5.89-0.39.
5. Discussion of the Energetics of G5.89-0.39 and its Potential Connection to HESSJ1800-240B
Based on the un-absorbed luminosities inferred by our X-ray observations, we can estimate the combined kinetic power in G5.89-0.39, and hence evaluate its potential link to the TeV gammaray source HESSJ1800-240B. These power sources would need to meet that of the gamma-ray source which in the energy range 2 GeV to 3 TeV amounts to about L γ ∼ 10 34 erg/s (Aharonian et al., 2008; Hanabata et al., 2014 ).
An early B-type star with typical mass loss ratė M ∼ 10 −7 M yr −1 and terminal wind velocity v ∞ ∼ 500km s −1 (Cesarsky & Montmerle, 1983; Lozinskaya, 1992) would provide a wind luminosity
34 erg/s. If we take the resolved 35 B-type stars in G5.89-0.39, and add the residual X-ray emission as stars, G5.89-0.39 could provide a total wind energy reaching ∼ 10 36 erg/s. In single stars, Weaver et al. (1977) has suggested that up to 20% of the wind energy could be transferred to kinetic energy. The additional scenarios discussed in §1 involving stellar wind interactions in binary systems and/or in stellar clusters are also potentially involved. The protostellar outflow at the centre of G5.89-0.39B in particular, is wellknown to have high energetics for such an object (Sollins et al., 2004; Watson et al., 2007) at over 3.5 × 10 46 erg or > 10 35 erg/s over its dynamical lifetime of up to ∼ 10 4 yr. We should also note the maser tracers (e.g. CH 3 OH) detected towards G5.89-0.39A and our X-ray source #20 about 0.1
• north-west of G5.89-0.39B (Nicholas et al., 2012 ) (see Fig. A.7) signal the ongoing presence of high mass star formation in several regions in our Chandra field of view and hence their potential to harbour protostellar outflows and winds.
All of these sources of kinetic energy could potentially set up multiple shocks which could then inject and accelerate cosmic-rays and electrons. Assuming the canonical 10% of kinetic energy is transferred into accelerated particles (as per the paradigm for diffusive shock acceleration applied to SNRs), there is perhaps sufficent kinetic energy to power at least parts of the gamma-ray source HESSJ1800-240B. Concerning the type of particles responsible for the gamma-ray emission, the clear spatial overlap of the molecular gas and gamma-rays from HESSJ1800-240B strongly favours multi-TeV cosmic-rays as the preferred parent particles. Here, the cosmic-rays collide with the gas, creating gamma-rays from the decay of π
• particles produced in these collisions. The alternative (or additional) avenue is via multi-TeV electrons, which would involve X-ray synchrotron emission on the magnetic fields in the region, plus inverse-Compton emission in the TeV gamma-ray band (up-scattering soft photon fields such as the cosmic microwave background and local IR emission). The great difficulty in fitting the broad GeV-TeV gamma-ray spectra of HESSJ1800-240B and the other gamma-ray sources surrounding the W28 SNR with electron-dominated models (e.g. Fujita et al., 2009 ) is seen as further evidence for a cosmic-ray dominance. The lack of any evidence for non-thermal X-ray emission, probing for TeV electrons, in our Chandra observations would seem to support this. Given the likely dominance of thermal hot gas as the source of any extended X-ray emission in between the massive stars, this does not completely rule out the possibility of non-thermal emission.
Whether the accelerated particles actually reach the necessary multi-TeV energies is another question. Gusdorf et al. (2015) have recently looked at the potential for particle acceleration in the inner regions (<0.05 pc) of G5.89-0.39B. They concluded that maximum particle energies may be of order 5 GeV, too low to explain any TeV gamma-ray emission if acceleration is directly governed by protostellar outflows. However, Gusdorf et al. (2015) and several other studies (e.g. Domingo-Santamaría & Torres, 2006; Bosch-Ramon et al., 2010; Araudo & del Valle, 2014; Padovani et al., 2016) have suggested scenarios involving the fast stellar winds from central stars driving the outflows or that of several other nearby massive stars are likely to provide the ideal conditions for cosmic-rays to reach TeV energies. Given the young age of G5.89-0.39 (< 10 6 yr), we may not realistically expect any additional particle acceleration due to so far undetected SNRs and/or pulsars within this HII complex.
Moreover, within HII regions, electron energies are expected to be limited to GeV energies by the strong synchrotron losses in the intense magnetic fields (of order 1 mG as determined by Tang et al. (2009) for G5.89-0.39B), and inverseCompton losses on the intense IR and optical/UV photon fields. The latter in fact may dominate over synchrotron losses (e.g. Reimer et al., 2007) . The same radiative losses for electrons would also limit the size of any synchrotron X-ray and gamma-ray inverse-Compton emission to the inner sub-parsec regions of the HII regions. Unfortunately, probing such GeV electrons via non-thermal radio emission is often difficult due to the generally overwhelming dominance of thermal radio emission, and via GeV gamma-rays since the angular resolution of such measurements (FWHM ∼30-60 arc-minutes between 1-10 GeV for Fermi-LAT) is well beyond the size scale of many HII regions.
In view of our results that now provide firm estimates of the stellar content and the X-ray energy budget in both HII region components of G5.89-0.39, these particle acceleration and gamma-ray production models can now be revisited with more precise inputs. At present the best gamma-ray angular resolution (FWHM ∼10 arc-min via H.E.S.S) is insufficient to distinguish potential gamma-ray components within HESSJ1800-240B. Higher resolution gamma-ray imaging on arc-minute scales towards HII regions such as this, with the forthcoming Cherenkov Telescope Array (Bednarek, 2013) , will greatly help in determining if there are any locally produced gamma-ray components in this region that may be generated by G5.89-0.39. Importantly, arc-minute gamma-ray resolution in particular will be able to exploit the energy-dependent diffusion of cosmic-rays and electrons from acceleration regions through dense molecular gas, which could impart rather specific gamma-ray spectral profiles across it (see e.g. Gabici et al. (2007) ; Maxted et al. (2012) for a discussion).
Conclusions
We have used the Chandra X-ray observatory to reveal the stellar content of the HII complex G5.89-0.39 found towards the gamma-ray source HESSJ1800-240B and dense molecular gas. The conclusions from our work are as follows.
Using the ACIS-I CCD array, our observation (∼78 ks) reveals 159 resolved X-ray sources across the field of view. 35 of these X-ray sources are found within the infrared-defined boundaries (0.8 pc and 0.4 pc radii) of the two components of G5.89-0.39A and B. Of these 35 sources, 22 are associated with the HII region G5.89-0.39A and 13 are associated with ultra-compact HII region G5.89-0.39B. The unabsorbed X-ray luminosities (0.1-2 keV) of the sources associated with the HII regions are of order 10 30.5 erg/s suggesting they are early B-type stars, with several higher luminosity sources being possible O-type stars. Their stacked energy spectra is well-fit with a single thermal plasma APEC model with kT∼5 keV, metal abundance 0.35 Z and column density N H = 2.6 × 10 22 cm −2 (A V ∼ 10). We have also identified a possible X-ray counterpart to the suggested ionising source in G5.89-0.39B known as Feldt's star. Its unabsorbed luminosity (0.1-2 keV) of ∼ 6 × 10 29 erg/s is suggestive of a B7-B5 star, consistent with the lower limit on spectral type determined by Feldt et al. (2003) . Allowing for an underestimate in the column density towards the centres of the HII regions (due to it being determined over a wide area using stacked source spectra), the luminosities and spectral types for some of the resolved sources are also possibly underestimated.
The residual (source-subtracted) X-ray emission encompassing G5.89-0.39A and B out to their boundaries was also examined and found to be about 30% and 25% larger than their respective stacked source luminosities. Assuming this residual emission is from unresolved stellar sources, the total B-type-equivalent stellar content in G5.89-0.39A and B would be about 75 stars. These estimates are consistent with the total mass of high mass stars of about 700 M determined by Kim & Koo (2003) .
The potential stellar population could provide wind energies reaching ∼ 10 36 erg/s. Factoring in efficiencies for converting wind energy into accelerated particles, this could account for a part of the GeV to TeV gamma-ray emission in the source HESSJ1800-240B. Future arc-minute resolution gamma-ray imaging of this region with the Cherenkov Telescope Array (Vercellone, 2014) could help to reveal and disentangle potential gamma-ray components powered by the G5.89-0.39 HII complex.
The HII Complex G5.89-0.39 is at the lower end of total embedded stellar mass for the population of HII regions studied in X-rays. Previous studies such as Blum et al. (1999) Townsley et al. (2014) found the number of O-Type stars to be much greater than the number we have identified for our region. Townsley et al. (2014) found some SFRs with > 1000 X-ray sources. However G5.89-0.39 does appear similar to the UC HII regions in W49A (Tsujimoto et al., 2006) and young stellar cluster in GGD 27 (Pravdo et al., 2009) . Our study of the stellar census of G5.89-0.39 paves the way for a more detailed consideration of the potential for multi-TeV particle acceleration. 
Appendix B. Counterparts to X-ray Sources
A total of 90 of the identified X-ray sources have possible counterparts in the SIMBAD database or the 2MASS point source catalogue. Table B .7 and B.8 summarises the possible counterparts to these X-ray sources.
Appendix C. Kα emission line evidence in background regions
Figure C.8 presents the G5.89-0.39A+B combined residual energy spectrum without background subtraction, and the raw energy spectrum of the background regions as shown in Figure D .9. Both spectra reveal the 9.7 keV fluorescence line attributed to Au Lα generated within the telescope to which can become dominant for high background to source area ratios for extended regions such as this. The spectra also show the presence of a peak around 6.7-7 keV where we would expect the Kα emission line to be present. The emission line is present in both the source and background spectra indicating that it is most likely due to the GDXE and not a localised source in the HII complex. 2 /sec) with contours of: (Top) CH 3 OH-I 44.1 GHz from 1 to 6 K km/s in 6 levels (red) integrated from 0 to 15 km/s; (Bottom) CS(1-0) 49.0 GHz from 2 to 28 K km/s in 14 levels (magenta) integrated from -5 to 25 km/s. In both panels the locations of G5,89-0.39A, B, X-ray source #10 (Feldt's star) 
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